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I, PiiReY GrEoiiQE Tacchi, of 29, 
ISTemoure Road, Acyfcon, Loudon, W. 3, 
British, subject, do liereby declare tHe 
nature of this invention .and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement: — 

This invention ' comprises improve- 
ments in the driving' mechanism of 
internal coinbustion engines, and is con- 
cerned with variable' stroke engines of the 
kind in which tie piston drive is trans- 
mitted to the engine or power shaft 
through a two-armed rocking lever, of 
which the fulcrum or axis of oscillation 
is capaible of being shifted, in a^ predeter- 
mined .manner to alter the length of the 
lever arms, and thus vary the oscillation 
of the lever and bring about the variation 
of stroke- ... 

In engines of the kind in question, the 
rocking lever has ali'eady. been mounted 
on a pivot ally inounted- bearer or carrier, 
in such a way -that the latter could be 
S5 moved longitudinally with respect -to the 
lever to enable -the f ulcrurb. of the latter 
to be adjxisted. In order to permit this 
movement of- the bearer, however,- some 
means has had to Ibe provided for sup- 
porting or holding* the lever- against 
longitudinal displacement, otherwise the 
fulcrum would not have been properly 
adjusted and the lever might have taken 
vip an unfavourable position for the run- 
ning of the - engine. . In . one previous 
arrangeinent, -used in opposed cylinder 
engines, the rocking levers were sup- 
jjorted by pivotal links, adapted to swing 
on pivots on the engine casing, and con- 
nected to the pivot pins a.t the connect- 
ting rod ends of the rocking levers. In 
another prior arrangement, in which, in 
addition, displacement of the lever was 
eliminated while the engine was nin- 
ning, a rack was disposed along one side 
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of the rocking lever in engagement with 
a pinion fixed on tho fulcrum shaft of 

the lever. 

The principal object of the present 
invention is to provide improved means 
ior preventing the rocking lever from 
being displaced longitudinally during 
adjustment of its fulcrum and while the 
engine is running. 

Accoi^ding to th© invention, in driving 
mechanism of internal combustion 
engines of the kind described, the rock- 
ing lever is supported or held against 
longitudinal movement on its bearer or 
carrier by a member or members adapted 
to oscillate or to be capable of articulat- 
ing upon an axis- with which the pivotal 
axis of the rocking lever is coincident 
during the whole or the greater part of 
the period of working of the engine. In 
this way, not only is the lever supported 
or held against longitudinal displace- 
ment during changing of the fulcrum 
and during the whole or practically the 
whole period of ruiuiing, but support is ,70 
applied at or from the pivotal axis, • • 
which is advantageous. In one arrange- 
ment, a worm in. the rocking bearer or 
carrier acts as the member for support- 
ing or holding the lever as stated; in 
another cage, flexible cables- or chains are 
used, while according to another con- 
struction, a pivotal link arrangement is 
employed. In the first two cases, the 
said axes are coincident at all times, so 
that the lever .is not displaced longi- ^ • 
tudinally during any part of the run- 
ning period. In the Last-mentioned 
case, with pivotal link or links, the axes 
coincide only for high speed setting of . 86 
the engine, and slight displacement of • 
the lever takes place at lower speeds ; 
nevertheless, as about 90 per cent, of the 
working is at high speed, it is clear that 
the said axes coincide during the major ^.90 
part of the working period; 
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Iz3. order to enable the inrention to be 
readily understood, reference is directed 
to t£e accompanying drawings, in ' 
whicK : — 

5 Figure 1 is iliustxative of an engine 
unit of the opposed piston type embody- 
ing improvements according to this 
invention, .the cylinders and pistons 

, ... b^ing sho;s^ in vertical longitudinal sec- 

10 tion taken on the line I — ^I, Figure 2, 
and two different methods, of transmit- 
ting the drive to the engine shaft being 
illustrated at the right and left hand 
halves respectively of the figure, that on 

15 the right being shown in elevation and 
that on the left partly in elevation and 
partly in section. 

Figure 2 is a sectional view on the line 
II — II of Figure 1, with certain parts 

20 shown that are not seen in Figure 1, and 
other parts omitted that are shown in 
Figure 1. 

Figure 3 is a cross section taken on the 
line III— III of Figure 1, but on an 
25 enlarged scale. 

Figure 4 is a section on the line IV — ^IV, 
Figiire 3, omitting the guides for the 
blocks 7h hereinafter described. 

Figure 5 is a view looking in the direc- 
30 tion of the arrows approximately from 
the plane of the .section line Y — V of 
Figure 1. 

Figure 6 is a sectional elevation of a 
modification. 

35 Figure 7 is a section on the line 
Vli— VII of Figure 6. 

Figure 8 is a plan view of the Oblock 
hereinafter described, and 
Figure 9 is a detail view showing the 

40 block tO- in vertical section and illustrat- 
ing the manner in which the rocking 
lever oscillates in the block. 

The engine unit illustrated by Figure 
1 comprises opposed pistons a a}- work- 

46 ing ia cylinders 6 fe^ which are co-axial 
and super]^osed above and at right angles 
to the engine shaft c. Preferably, there 
. is a common compression and combustion 
space i between the pistons^ and the 

50 working may be according to the two- 
stroke or four-fitroke principle. The 
latter is illustrated in* Figures I and. 2 
and a suit^tble arrangement of admission 
and exhaust valves *e, /, respectively, is 

56 seen in these figures. The inlet valve 
may be of the automatic type as shown 
while the exhaust valve may be operated 
from a gear-wheel g on the engine shaft 
through suitable reduction gear and a 

60 cam shaft in any apparent or well- 
known -manner, which needs no illustra- 
tion» The drive from the pistons .is 
transmitted to the power or crank shaft 
o through the medium of piston rods 7i, 

65 rocking levers j and connecting rods h 



as will be hereinafter more particularly 
described. 

As stated above, two different methods 
of transmitting the drive from the pistons 
to the engine shaft are illustrated respec- 70 
tively at the left and right hand sides of 
Figure 1, and description will first be 
given of the drive shown at the right- 
hand side of the figure. The two methods 
are illustrated in the one engine in 75 
Figure 1 purely for the sake of conveni- 
ence. In actual practice the same 
method of driving would generally be 
adopted for all cylinders of a multi- 
cylinder or opposed piston engine. * 80 

In the arrangement shown at the right- 
hand side of Figure 1, the lever / is 
adjustably supported in a rocking carrier 
Z (see also Figures 3 and 4) and this 
carrier is -adapted to oscillate in a bear- 55 
ing* sleeve m fixed in blocks n which are 
adapted to slide along pairs of guides o 
on brackets 2? formed or mounted on the 
engine casting q. The blocks are of . 
tbe nature of mangle-roller bearing 90 
blocks and they are held in the guides o 
by the nuts r on the ends of the bearing 
sleeve m. The rocking carrier Z is con- 
veniently of cylindrical form as shown 
and, in effect, it forms the trunnions of 95 
the rocking lever j. The blocks n are 
adapted to be moved along the guides o 
by screwed spindles t which engage inter- 
nally screw-threaded parts at the upper 
and lower ends of the blocks as seen in 100 
Figure 4. The screwed spindles * are 
adapted to be rotated both in the same 
direction to give uniform and similar 
travel of the blocks n in their guides, and 
this rotation may be imparted to the 105 
spindles in any convenient manner for 
example, through worm and worm wheels 
-or other gear driven by the engine as 
will be readily understood. 

The object in adjusting the blocks n 110 
as described is to permit of shifting the 
axis or centre of oscillation of the rock- 
ing lever j, so that the length of the 
respective arms of the lever and thus 
their arc or degree of oscillation shall be 116 
varied. It will be apparent that in 
effecting this, the rocking' carrier Z must 
move longitudinally of the rocking lever, 
and therefore it is important that the 
latter shall Ibe supported or held against 120 
longitudinal displacement during that 
movement. In fact, the rocking lever 
should maintain substantially the same 
disposition vertically, otherwise it might 
drop or get into a position unfavourable 125 
for transmitting the drive to the crank 
shaft In order to provide for this, 
a worm and rack connection is provided 
between the screwed spindles * and the 
lever j and such a connection will now 130 
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be described with. paai;icnilar reference to 
ITig'ures 3 and 4. . From these fig-ures it 
will be seen ttat the screwed spindles t 
pass throug^K tlie rocking carrier I, on 
5 opposite sides of the lever and that a 
worm u is arranged on each spindle in 
mesh with a, suitable rack v on either 
side face of the rocking lever. When 
the screwed spindles are turned to shift 
10 the axis of oscillation of the rocking 
, lever, the worms u also tnm and. work 
along the racks v both in the same direc- 
tion axially, thus allowing the shifting 
to take place and at the same time sup- 
1 5 porting and preserving the vertical dis- 
position of the rocking lever so that, 
generally speaking, the latter is not 
moved vertically with the adjustment 
of the rocking carrier I, The direction 
20 and pitch of the thread oi the screwed 
sjiindles * and worms u and the thread 
direction or foiTuation o£ the racks v 
should .he Guch, as it were, that the 
worms creep along the radcs as the 
25 spindles t are turned. It is necessary to 
allow for the rocking lever ; oscillating 
in all positions of adjustment of the 
screwed spindles t and worms a and 
therefor^ the connection between the 
30 worms and the screwed spindles must be 
of the nature of a universal joint. This 
is obtained by providing on the screwed 
spindles t a^ spherically-shaped member 
or ball t<7 which has co-axial pairs of pins 
35 Of projections a* arranged on axes * at 
right angles to one another as will be 
understood from Figure 3. Each ball w 
is feathered to its spindle t Iby a feather 
or key and groove so as to be 
40 capable of sliding along the spindle 
while being turned by the latter and the 
projections m take into cruxved slots y in 
the interior of the worms u which are 
spherically bored and formed in halves to 
45 allow them to enclose the- balls w as will 
be understood from Figure .4. The pro- 
jections and slots y ensure that the 
worms u will turn with the spindles t so 
as to creep along the racks v as aforesaid, 
50 while at the same time they permit of 
universal movement between the spindle 
t and worms The worms u and rock- 
ing carrier I are hollowed out or slotted 
as shown at z to allow of the rocking 
55 movement thereof with respect to the 
screwed spindles t and the sleeve m is 
also slotted as shown at 1 to permit the 
rocking of the lever j. The worms u 
are inserted into a rectangular bore 
60 of ^lie rocking carrier from either end 
thereof and the feather ways or grooves 
16-2 extend to one or both ends of the 
spindles t to enable the latter to be passed 
through the worms u and balls v> and 
65 over the key v)^ in the assemblage of the 
rocking lever supports. 



It will now be understood that by 
adjustment of the screw spindles t and 
the consequent movement of the blocks n 
along the guides o, the axis of oscilla- 70 
tion.of the rocking lever <san [be shifted - 
and • at the same time, * owing to the 
corresponding movement of the rocking 
carrier I along the rocking lever the 
length of the lever's arms and the arc 75 
or degree of oscillation thereof can be 
variej. By way of example, three 
different positions 0^ 0^ of the said 
axis are diagrammatically represented at 
the right hand side of Figure 1, and the 80 
corresponding arcs of movement of the 
lever anns are lettered . A^. The 

upper set of arcs indicate, by their 
different lengths, that the stroke of the 
piston a is varied with the movement of 85 
,the axis of oscillation of the lever j. The 
travel of the lower end of the rockiug 
lever j remains substantially constant 
which is necessary because its degree of 
movement is dictated by the throw of the 90 
.cranlcs of the engine shaft. The different . 
.lengths of .tha piston stroke correspond- 
ing to the arcs A^ A^, A^ are shown by 
the reference letters — — and 
S3 — S^. In practice, the inclination of 95 
the guides o would ■ preferably be so 
chosen that as the piston stroke is pro- 
gressively increased, the combustion 
space d also progressively increases in 
volume in known manner with the result 1 00 
that the compression for all lengths of , 
stroke may be substantially constant. 
The lengthening of the stroke corre- 
sponds to a decrease of the engine speed 
because the piston has to travel farther 105 
for each revolution of the crank shaft, 
and a shortening of the stroke gives an 
opposite effect. Preferably the displace- 
ment rate of the piston is made approxi- 
mately constant for all speeds and so HQ 
that the horse power may also be con- 
stant. By varying the inclination of the 
guides 0, however, it is possible to give 
the compression ratio a progressive char- 
acter instead of a coustant character as 1 1 5 
above described. 

According to the arrangement shown 
at the left-hand side of Figure 1, the 
guides o aforesaid are dispensed with and 
the shifting of the axis of oscillation of 120 
the' rocking lever j is effected !by mount- " 
ing it in a rocking carrier 2 which ij; 
pivotally supported on the forked end of 
a control arm 3 whose outer end or head 
is capable of being moved up and down 'J25 
-by pivotally adjusting such arm, in any • 
convenient manner, about the axis of the 
crank shaft c as at 3* (see Figure 2). 
Strictly speaking, the movement of the 
axis of oscillation of the rocking lever j 130 
should be along a straight line as at the 
right-hand side, of Figure. 1, .but owing 
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to tlie appreciable length of the control 
arm 3, tne movement of this auxis a»t the 
left-hand side of the figure,^ approaches 
near enough to a straight line as to be 
5 satisfactory for practical purposes. The 
rocking, lever j in this arrangement is 
supported hj a chain 4 depending from 
a bracket 5 secured to the engine cast- 
ing ^l^G chain being connected at its 

10 lower end to a stud or projection 6 on the 
rocking lever as will be seen from Figure 
5 and being adapted to articulate at the 
pivotal axis of the lever 7. A duplicate 
chain 7 is provided on the opposite side 

16 of the lever j to the first-mentioned 
chain/ to prevent movement of the rock- 
ing lever in the upward direction this 
chain being connected between another 
bracket 8 on the engine casting and a 

20 stud or projection 9 on the rocking lever. 
The carrier 2 is of such construction that 
it is capable of sliding along the rock- 
ing lever j and the latter is of plain rect- 
angular section at the central portion 10 

25 of its length to allow of this movement. 
As shown the carrier 2 comprises a cen- 
tral sleeve-like part movable along the 
lever portion 10„ and trunnions IX pro- 
jecting from" each side of the sleeve-like 

30 part as will be seen in Figure 5. These 
trunnions 11 are supported in the forked 
head of the control arm 3, which has 
bearing sleeves* 3^ and they and such 
"head and sl^e'ves are suitably slotted as 

36 at 12 for the passage of the chains 4 and 
7 and to allow of the necessary move- 
ment of such head and trunnions with 
respect to the chains. This is shown in 
section at the left-hand side of Figure 1, 

40 which the front fork member of the 
head of the ariti 3 is detached and 
removed for the sake of - clearness. If 
desired, flexible cables may be sub- 
stituted for the chains 4 and 7, and in 

45 this event, iiistead of the cables passing 
through the trcamiona 11 diametrioally 
as shown in Figure 1, they may pass 
from their brackets 5, 8 into and through 
axial holes in the trunnions and be 

50 diverted downwardly or upwardly as the 
case may be, just within the sleeve part 
of the carrier 2> to studs such as 6 and 9» 
the lever i or the carrier being grooved 
to accommodate the cables. 

65 It is necessary, in this constniption, 
to lock the dieeye 2 with respect to the 
rocking lever j once the adjustment of 
the axis of oscillation . has been made.. 
This may be done in" any suitable manner, 

60 and a convenient arrangement is dia- 
grammatically shown comprising two 
eccentric cams 13 pivo tally mounted in 
lugs 21 on the sleeve part of the rocking 
carrier 2 and projecting through slots 

66 in the sleeve so that they may jajn 
against the - rocking level j iihder the 



action of a spring 14.. The pivots of the 
cams are provided - with arms 15, 16 
respectively, connected (by a link 17 and 
the pivot of the upper cam also has an ^ 70 
arm 18 connected with a release rod 19 - 
adapted to be moved, for example,* by a 
handle 20 pivotally mounted on the con- 
trol rod 3, In the case of a motor car 
engine the rod 19 could be operated from ^76 
the driver's seat as will be readily under- - 
stood. It will be observed that the lower, 
one of the cams 13 could be dispensed 
with if desired as it only constitutes a 
duplication of the upper cam. The use 80 
of two cams, however, is preferable^ as - 
this gives better support for the rocking 
carrier 2. The operation of the locking 
cams is simple. . They can be released 
from the locking position to allow 85 
adjustment of the axis of oscillation of - 
the rocking lever, by movement of the 
handle 20 in the direction of the arrow 
and as soon as. the handle 20 is released 
the spring 14 brings the cams 13 to lock- 90 
ing position. 

In the case of the construction shown 
at the left-hand side of Figure 1, pro- 
gressive alteration of the compression 
ratio can be obtained by arranging for 95 
the lower end of the control arm 3 to be 
pivotally supported in an adjustable 
manner instead of upon the crank shaft 
/ as shown. For example, it could Ibe 
pivotally mounted on a horizontally mov- 100 
able slide as will be readily understood. 
In this way, adjustment- of the pivot 
brings about an alteration of the path 
of adjustment of the axis of oscillation 
of the rocking lever j which is equivalent 105 
to a variation of the inclination of the 
guides' o in Figure 1, 

The arrangement at the leftrhand side 
of Figure. 1 is' somewhat simpler than 
that shown at the right-hand side of that 110 
figure, because' the universal joint inove- 
ment is eliminated, the flexibility of the 
cables or chains 4 and 7 allowing of the 
necessary pivotal movement of the rock- 
ing lever m all positions of adjustment 116 
of its axis of osculation. 

The rooking levers . and their appur- 
tenant mechanisms are suitably enclosed 
•by covers or casing parts 22 bolted on to 
the ends of the engine casting as seen in 120 
Figure 1, and covers 23 may be provided 
front and fear of the engine as shown in 
Figmre 2. The . crank shaft is suitably 
mounted in bearing blocks 24 on the base 
25 of the ei^ine and the cylinders & ■ &^ 125 
niay ibe cast integrally with the casing q 
or cast separately and mounted thereon 
as showii. The engine casting q is bolted 
down to the ..base 25 by its legs, and 
the coimecting rods lo pass from the rock- .1»9 
ing levers centrally between these- le^s ■ 
and are then conveniently bent to their 



cranks JcS on tlie engine sliaft c. Owing 
to tlie pistons being in axial alignment, 
as hereinbefore stated, the cylinders can 
be cast in one piece as shown .and readilj^ 
5 bored to true internal diameter. It is 
not essential, however, for the pistons to 
be in axial alignment and as will be 
readily understood, an engine may com- 
prise any number of pairs of cylinders 

10 ^> 6^ arranged side by side with their 
pistons driving a common engine shaft. 
It is also possible to apply the drive to 
the engine shaft by means of eccentrics 
in known manner instead of Iby cranks. 

15 If desired, the rocking lever may be 
supported by a link or links, as an alter- 
native to the screw gear or chain or 
cable illustrated in . Figure 1. Tor 
example, and as shown in Figures 6 and 

20 7, it may be supported by two links 26 
which depend pivotally from fixed sup- 
ports or brackets 27 pn the engine frame 
28 and are pivotally connected to the 
coupling pin 29 at the lower end of the 

25 rocking lever j. The latter is adapted to ' 
rock in a block ti^ mounted so as to be 
capable of sliding in two pairs of guides 
0^, d^. One guide 6^ of each paii- may be 
formed on the engine frame or casting 

3Q as shown and the other, o^, may Ibe 
detachably secured in position upon dis- 
tance pieces or blocks 30 by bolts 31. 
The formation of the block 7^ will be 
readily understood from Figures 8 and 9. 

35 The lever j has a sliding fit in the Iblock 
and is adapted to rock on the surfaces 
7^. As an alternative, blocks like those 
marked n in Figure 1 may be XLsed with 
a carrier like I in that figure excepting 

4Q that there would be no de&iite connection 
between the lever and carrier such as is 
provided by the worm and rack w, v. 
The Block may be moved along the 
guides o^, in any suitable manner. 

45 For example, and as shown, the block 
may be fitted with projecting pins 32 
adapted to (be engaged by bell-crank 
levers 33 pivoted on the engine frame at 
34 and adapted to be turned on their pivot 

50 by movement of a block 35 in guides 36 
on the engine framing* under the action 
of a feed screw 37. The block 35 has pins 
or projections 38 at each side for engag- 
ing the respective bell^crank levers, .sind 

55 the latter at each end are slotted as shown 
to engage these pins and the pins 32. 
The feed screw 37 may be formed with a 
squared end 39 for reception of a handle 
or it may be operated^ in any other suit- 

60 able manner. The piston a, as before, 
oscillates the rocking lever j through a 
connecting rod Tl and the rocking lever 
turns the crank-shaft c through the con- 
necting rod /c. The cylinder h is only 

65 shown diagrammatically, the inlet and 



exhaust, valves and connections being 
omitted. 

In operation, it will be observed that 
the lower end of the rocking lever j is 
constrained to move in a circular path 70 
which is determined by the links 26. 
Therefore, when the axis of the rocking 
is out of coiiieddence with the axis 
of the links, which have a common axis, 
there will be a slight reciprocating move- 75 
ment of the rocking lever in the block ti^ 
as the lever oscillates. In practice, how- 
ever, this will not matter, because 
approximately 90% of the running of the 
engine is done at highest speed and the 80 
design is such that at this speed, the 
axes of the rocking lever j and links 26 
coincide. The rocking lever then will 
not reciprocate in its Iblock rO-, 

The movement of the axes of oscillation 85 
of the rocking levers, may be .automati- 
cally governed by the engine itself, if 
desired, as by governor control. More- 
over, engines embodying the present 
"iinprovements may operate according to 90 
the two or four stroke principle and they 
can Ibe constructed to have a constant 
piston and gas displacement rate while 
running within a fairly wide range of 
,speed, say of 500 to 1500 revolutions per 95 
minute. 

Also they may be of single or multiple 
piston and cylinder type. Preferably, 
an engine unit is employed having 
opposed pistons with explosion taking 100 
place between them, as in Figure 1 for • 
example, but any multiplication of such 
units may be used with either eccentric 
or crank drive on to the engine shaft. 

Having now particrularly described and 105 
ascertained the nature of my said inven- 
tion and in what manner the same is 
to be performed, I declare that what I 
claim is ; — 

1. In driving mechanism of internal HO 
combustion engines of the kind described, 
supporting or retaining the rocking lever 
against longitudinal movement on its 
bearer Or carrier, by a member or mem- 
bers adapted to oscillate or to be capable 1 15 
of articulating upon an axis with which 

the pivotal axis of the rocking lever is 
coincident during the whole or greater 
part of the period of working of the 
engine, substantially as described. 120 

2. In driving mechanism of intemul 
combustion engines, in accordance with 
Claim 1, supporting or holding the rock- 
ing lever against longitudinal displace- 
ment by a worm or worms mounted in 125 
the rocking bearer or carrier of the lever 
and engaging a rack or racks on such 
lever, substantially as described. 

3. In driving mechanism of internal 
combustion engines, in accordance with 130 
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Claim 1, svipporting or holding tiie rock- 
ing lever against longitudinal displace- 
ment by one of more flexible chains or , 
cables adapted to articrulate at the pivotal 
5 axis of the lever,, substantially as 
descrlb^d^. 

4. In driving mechanism of internal 
combustion engines, in accordance with 
Claim 1, supporting or retaining the rock- 

10 ing lever against longitudinal movement 
by a pivoted link, or links mounted to 
swing on an axis with which the pivotal 
axis of the lever is coincident during the 
high-speed setting of the driving mech- 

15 anism, substantially as described. 

6-, fa driving mechanism of internal 
combustion engines, as claimed in Claim 
2,.jnounting the rocking bearer or carrier 
in blocks adapted to slide in guides under 

20 the direcrfc action of screws^ and -arrang- 
.ing for the screws, to operate the worms 
in .the carriers through a universal con- 
nection^ ^iilbstantially as described. 



6, Driving ineohanism of internal com- 
bustion engines, constructed, arranged 25 
and adapted to operate substantially as 
hereinbefore described with reference to 
the accompanying drawings. 

7. An opposed piston engine .compris- 
ing aligned cylinders superimposed above 30 
and at right angles to the engine shaft 
substantially as. described with reference 

to Pigures 1 and' 2 and further compris- 
ing driving mechanism substantially as 
hereinbefore described, with reference to 35 
the right-hand part of Figure 1 and 
.Eigures 2, 3 and 4 or with, reference to 
the left-hand part of Figure 1 . and 
Figures 2 . and.. 5 of the accompanying 
drawings.. ... 40 

Dated this 16th day of November, 192^, 

JEITSEN &"SOIT, 
77, Chancery Lane, London, "W.C. 2, 
Chartered Patent Agents. 
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